Results from GRASP:
A Versatile Retrieval Algorithm

for Multiple Platforms
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Principles learned:

< scientific and life optimism;

<~  positive ambition;
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GRASP: Generalized Retrieval of Aerosol and Surface Properties
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> OPE M Home Code Documentation Products Contact Q

Platform for GRASP open source code
Get public access to the code, documentation and user assistance

GRASP is a highly accurate aerosol retrieval algorithm that processes properties of aerosol- and land-surface-reflectance. It infers nearly 50
aerosol and surface parameters including particle size distribution, the spectral index of refraction, the degree of sphericity and absorption.
The algorithm is designed for the enhanced characterization of aerosol properties from spectral, multiangular polarimetric remote sensing
observations. GRASP works under different conditions, including bright surfaces such as deserts, where the reflectance overwhelms the signal
of aerosols. GRASP is highly versatile and allows input from a wide variety of satellite and surface measurements.

GRASP Code Code Documentation

Download the GRASP-code, install it and run it for a Complete documentation about the code, APl and
large number of different aerosol measurements. features of GRASP.
Signup for the latest version of GRASP-code: stable,

fast and easy to use.




GRASP specifics:

Inversion scheme:

v’ search in continues space of solution for many
parameters (aerosol + surface) ;

v optimization as Multi-term LSM:
‘ v'adapted for synergy of observations: multi-pixel retrieval;

v'single fitting procedure ;

inter-pixel

N
2W(x) = E[AyiTWf',ilAyi + VinTQs,iXi +y (X, - Xf)TW;;(Xi —~ Xj)] e

i=1

v'no solution modifications (no averaging, etc.)

v all parameters (43) are retrieved simultaneously at original resolution of (~6 km) ;
v'no location specific assumptions (except land/water/snow);

v'all a priori constraints general for all pixels (~6 km);

v'singe initial guess;
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PARASOL.:

- radiances: (443, 490, 560, 670, 870, 1020 nm);
- polarization: (490, 670, and, 870 nm);

- up to 16 viewing directions

Promising aspects of GRASP l
develo pmen t: AEROSOL: e [ Cr e

."’-ym!

- size distribution (5 or more bins);
- spectral index of refraction (8 A);
- sphericity fraction;

- aerosol height

v Improvements in retrieval phlecs
accuracy; (1 o2 spectally dependen paramelers)

43 = (5 (SD) +12 (ref. ind.) + 1 (nonsp.) + 18 (BRDF) +6 (BPDF) + 1 (height)

v'Deriving new information;

MERIS:
. . _ - radiances at seven wavelengths: gy
v'Straightforward applications to: - oy cc0, 000 endronm)
to diverse observations;
- to different characteristics; ‘

AEROSOL: = 0.44; 0.67; 0.87; 1.02 jum
- size distribution (5 or more bins); , -

- spectral index of refraction (7 A);
- sphericity;

’-—.-m-E
|

SRFACE:
- BRDF
(3 spectrally dependent parameters);

41 = (5 (SD) +14 (ref. ind.) + 1 (nonsp.) + 21 (BRDF) )




The concept of multi-pixel retrieval
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Multi - Pixel Retrieval:
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PARASOL.:

- radiances: (443, 490, 560, 670, 870, 1020 nm);
- polarization: (490, 670, and, 870 nm);
- up to 16 viewing directions

AEROSOL: o particle Sze Distrbution: T 044 0.67: 087: 102 um
- size distribution (5 or more bins);
- spectral index of refraction (8 \);
- sphericity fraction;

- aerosol height

SRFACE:

- BRDF

(3 spectrally dependent parameters);

(1 or 2 spectrally dependent parameters);

43 = (5 (SD) +12 (ref. ind.) + 1 (nonsp.) + 18 (BRDF) +6 (BPDF) + 1 (height)




PARASOL: the space-borne instrument most
suitable for enhanced aerosol/surface
characterization

PARASOL daily coverage imag
March 3, 2013 =7

EXAMPLES of PARASOL/GRASP retrievals - 2008
NO location specific ASSUMPTIONS
on aerosol and surface

£
e

INTENSITY (1) D

for aerosol: (0.44,0.49, 0.56, 0.67, -~
0‘.865' 1.02 ym) Swath: about 1600 km cross-track
for gas absorption): (0.763, 0.765, Global coverage: every 2 days
0.910 um) ge: every 2 cay:

1 pixel spatial resolution: 5.3km x 6.2km

POLARIZATION (Q, U): (0.49, 0.67,

All calculation on the fly

SSA565 Seasonal Average July-September 2008
-20215%10°-5° 0° 5° 10°15°20°25°30°35°40°45°50°55°60°

Viewing directions: 16: (80° -180°)

AOD565 Seasonal Average July-September 2008
-20215%10°-5° 0° 5° 10°15°20°25°30°35°40°45°50°55° 60°
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AOT(0.56) - loading

Processed at ICARE

SSA(0.56) - absorption
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PARASOL/GRASP vs. AERONET (Africa, 2008).

Mongu, Banizoumbou, IER_Cinzana, Agoufou, llorin, DMN_Maine_Soroa
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GRASPF retrieval
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GRASP specifics:

- more time consuming than LUT

v’ Software implementation:

- advance programing:
v highly parallelized (currently runs at LOA at ~100 CPU)
v uses CPI/ GPU;
v" Current inversion is 0.1-0.3 sec per sec

Currently processed 9 years (2006 — 2013) with “fast” version

v" to be available as OPEN SOURCE code;

Yoram Kaufman Memorial Symposium , June 21-23, 2016 NASA/GSFC, USA




AOT(440 nm)

PARASOL/GRASP
Autumn 2008




Angstrom
PARASOL/GRASP

Autumn 2008




EXAMPLES of PARASOL/GRASP retrievals - 2008

NO location specific ASSUMPTIONS on aerosol and surface
All calculation on the fly

SALBEDOG670 Seasonal Average July-September 2008 NDVI GRASP/PARASOL Seasonal Average January-March 2008
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Albego(0.56) - surface NDVI

Processed at ICARE Yoram Kaufman Memorial Symposium , June 21-23, 2016 NASA/GSFC, USA



MERIS:

- radiances at seven wavelengths:
(413, 443, 490, 510, 560, 665, and 870 nm);

- single view

AEROSOL: paricls Sae Distrbution AT G445 0.67-0.67, 1,02 um
- size distribution (5 or more bins);
- spectral index of refraction (7 \);
- sphericity;

SRFACE:
- BRDF

(3 spectrally dependent parameters);

41 = (5 (SD) +14 (ref. ind.) + 1 (nonsp.) + 21 (BRDF) )




Surface Albedo (670 nm) — Africa, October 2008
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MERIS SALB665
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Surface Reflectance (660 nm) — Bodélé Depression
30/03/2008
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Surface Parameters — Bodélé Depression 30/03/2008
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Animation of AOT retrieval from PARASOL over Africa
and Mediterranean Region in 2008

Monthly averages
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Animation of AOT retrieval from PARASOL over Africa
and Mediterranean Region in 2008

Monthly averages
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AOT (550 nm) — Africa, October 2008
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AOT (550 nm) — Africa, November 2008
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GRASP/PARASOL AOD443 18/02/2008
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Dust detection with GRASP
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Observation of aerosol events from
PARASOL/GRASP retrievals

“White” -dust plume, oo} PIRRD NS A
Chad lake, 2008 A (SgR i g pollution in
& SR O NS » e . China, 2008

Hawaii Volcanic

S Biomass burning bt Il : plume, 2008
in equatorial ‘ g 5
Africa, 2008
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AEROSOL CLASSES ???

(Dubovik et al., 2002, JAS)
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Aerosol type detection with GRASP

Mineral dust frequency of occurrence

GRASP/PARASOL Summer 2009 MineralDust {type 8) GRASP/PARASOL Autumn 2009 MineralDust (type 8)

Summer 2009 77 Autumn 2009

0.0 18.4 3.3 55.2 73.6 92.0 0.0 18.4 36.8 55.2 73.6 92,0



Aerosol type detection with GRASP

Mineral dust frequency of occurrence

GRASP/PARASOL Winter 2009 MineralDust (type 8)
GRASP/PARASOL Spring 2009 MineralDust {type 8)

- — "Spring 2009

0.0 18.4 3.8 55.2 73.6 92.0 0.0 18.4 36.8 55.2 73.6 92.0



Aerosol type detection with GRASP

Smoke frequency of occurrence

GRASP/PARASOL Summer 2008 SmokeFlaming (type 7) GRASP/PARASOL Autumn 2008 SmokeFlaming (type 7)

utumn 2009

55.2 73.6 92.0




Aerosol type detection with GRASP

Smoke frequency of occurrence

GRASP/PARASOL Winter 2008 SmokeFlaming (type 7) GRASP/PARASOL Spring 2009 SmokeFlaming (type 7)




Aerosol Scale Height: winter. 2009 PARASOL/GRASP

Bodélé Depression

GRASP/PARASOL VertProfileHeight Winter 2009

Scale height AOD(S65 nm)
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Particulate matter for 2.5 mum August 15, 2009

&,

i P\

Combine (Particulate matter for 2.5 mum, Particulate matter for 2.5 mum) (none)
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Particulate matter for 2.5 mum

r Beijing &
% PM2.5=200 ]t
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Combine (Particulate matter for 2.5 mum, Particulate matter for 2.5 mum) (none)
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PARASOL December 2008
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PARASOL

July 2008
GRASP_LAND_AND_OCEAN.Fast.WaterBRMCoxMunkliso_1.2008-07
90°N Water Color (565 nm) 0.050
.. Ho.o45
00°N 8 10.040
— 10.035
0.030
0° § 10.025
e 0.020
3075 g 0.015
coos | 0.010
0.005
90°S 0.000
180° 120°W 60°W 0° 60°E 120°F 180°
GRASP_LAND AND_OCEAN.Fast.WaterBRMCoxMunkiso 1.2008-07
90°N Water Color (440 nm) 0.050
R : - Ho.045
60°N | 10.040
300 B i 10.035
0.030
0" ks 40.025
0.020

30°5 0.015

0.010
0.005
0.000

60°S

90°S
180° 120°W 60°W 0° 60°E 120°E 180°




PARASOL

May

January

2008
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Retrieving aerosol sources from
satellite observations by ;
inverting transport D‘
model '
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Fine Mode Aerosol: Dubovik et al. 2008
Black Carbon + August 20 - 28, 2000

Organic Carbon +
Sulfate + ...
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9 day average, Optical Thickness
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Model = Observations

GOCART
output

2°x2..5%,~20 min

Components:

- BC hydrophilic
-~ BC hydrophobic
- 0C hydrophilic
-~ OC hydrophobic
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GRASP AOD

Prior GC

Posterior GC

Aerosol Optical Depth Fitting
by GEOS-CHEM
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Posterior GC

Absorption Aerosol Optical Depth Fitting
by GEOS-CHEM

Time period: Sept. 25" ~ Oct. 5t 2008
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Time period:
Sept. 25t ~
Oct. 5t 2008
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Validation with AERONET Site
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Conclusions:
GRASP concept:

v' Proposes new approach for remote sensing:
- retrieving many characteristics simultaneously (aerosol + surface);
- statistically optimized “multi-pixel” inversion;

v’ First results are promising for different remote sensing observations:
- satellite (PARASOL, MERIS, 3MI, S-3, S4 ...);
- ground based (passive + active);
- various synergies;

v Helps to provide new information about atmospheric parameters and
Increases constraints for inverse modeling and assimilation

Yoram Kaufman Memorial Symposium , June 21-23, 2016 NASA/GSFC, USA



Thank you Yoram !!!

Hope our results wouldn’t disappoint you..

Yoram Kaufman Memorial Symposium , June 21-23, 2016 NASA/GSFC, USA



PM2.5: Comparison of PARASOL results with in situ
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Polarized reflectance provides new information about surface type!



PARASOL: the space—borne instrument most
suitable for enhanced aerosol/surface

characterization
PARASOL daily coverage image, -

March 3, 2013

fe time: dec. 2004 — 2013

mgwath: about 1600 km cross-track

INTENSITY )
for aerosol (0.44, 0.49, 0.56, 0.67, 0.865, 1.02 um) GIO.b al coverage: every 2 days
for gas absorption: (0.763, 0.765, 0.910 um) 1 pixel spatial resolution: 5.3km x 6.2km

POLARIZATION (Q, U): (0.49, 0.67, 0.865 um) Viewing directions: 16: (80° - 180°)




GEOS-Chem Aerosol Optlcal Depth
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GRASP AOD(A) versus Prior and 865 0.69 0.15 0.39 0.93 0.01 0.84
Posterior GEOS-Chem model AOD(A). 1020 0.74 0.13 0.38 0.98 0.01 0.79
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GRASP retrieval: Kilauea volcano (Hawaii,
Halemaumau Crater, June-August, 2008)

Hawaii Volcanic
. plume, 2008
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VERTICAL DISTRIBUTIONS

GARRLIC/GRASP
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GARRLIC/GRASP

SIZE DISTRIBUTION
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REAL PART OF REFRACTIVE

INDEXES GARRLIC/GRASP
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SINGLE SCATTERING ALBEDO

GARRLIC
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VERTICAL DISTRIBUTIONS

GARRLIC
concentration profiles SSA profiles

MInsk 2un2008 dust event Minsk 2Jun2008 dust event
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